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TITLE OF nWEmiON 
CHLAMYDIA ANTIGENS AND CORRESPONDING DNA FRAGMENTS AND USES 

THEREOF 
FIELD OF INVENTION 
The present invention relates to Chlamydia antigens and corresponding DNA 
molecules, which can be used in methods to prevent and treat Chlamydia infection in mammals, 
such as humans. 

BACKGROUND OF THE INVENTION 

Chlamydiae are prokaryotes. They exhibit morphologic and structural similarities to 
gram-negative bacteria including a trilaminar outer membrane, which contains 
lipopolysaccharide and several membrane proteins that are structurally and functionally 
analogous to proteins found in E coli. They are obligate intra-cellular parasites with a unique 
biphasic life cycle consisting of a metabolically inactive but mfectious extracellular stage and a 
repUcating but non-infectious intracellular stage. The repUcative stage of the Ufe-cycle takes 
place within a membrane-bound inclusion which sequesters the bacteria away from the 
cj^oplasm of the infected host cell . 

C. pneumoniae is a common human pathogen, originally described as the TWAR strain 
of Chlamydia psittaci but subsequently recognised to be a new species. C. pneumoniae is 
antigcmcallyr^eneticaHy --a n d -morphfllegifi a Hy-di.sti B Ct-^ 



trachomatis. C. pecorum and C psittaci). It shows 10% or less DNA sequence homology with 
either of Ctrachomatis or C.psittaci and so far appears to consist of only a single strmn, TWAR. 

C. pneumoniae is a common cause of community acquired pneumonia, only less frequent 
than Streptococcus pneumoniae and Mycoplasma pneumoniae (Ref 1,2). It can also cause upper 
respiratory tract symptoms and disease, including bronchitis and sinusitis (Ref 1,3,4,5). The 
great majority of the adult population (over 60%) has antibodies to C. pneumoniae (Ref 5), 
indicating past infection vi^ich was unrecognized or asymptomatic. 

Of considerable unportance is the association of atherosclerosis and C. pneumoniae 
infection. There are several epidemiological studies showing a correlation of previous infections 
with C. pneumoniae and heart attacks, coronary artery and carotid artery disease (Ref 6-10). 
Moreover, the organisms has been detected in atheromas and fatty streaks of the coronary, 
carotid, peripheral arteries and aorta (Ref 11-15). Viable C. pneumoniae has been recovered 
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from the coronary and carotid artery (Ref 16,17). Furthermore, it has been shown that C. 
pneumoniae can induce changes of atherosclerosis in a rabbit model (Ref 1 8). Taken together, 
these results indicate that it is highly probable that C. pneumoniae can cause atherosclerosis in 
humans, though the epidemiological importance of chlamydial atherosclerosis remains to be 
5 demonstratedt 

A mmiber of recent studies-have also indicated :an assoGiation"^betv^een?^ pneumoniae 
infection and asthma. Infection has been linked to whee2ing^ asthmatic broiK>hitis, adult 
asthma and acute exacerbations of asthma*in:adults/ and small-scale studies have shown that 
prolonged antibiotic treatment was effective at greatly reducing the severity of the disease in 

1 0 some individuals (Ref 1 9-24). 

In light of these results a protective vaccine against C. pneumoniae infection would be of 
considerable importance. There is not yet an effective vaccine for any himian chlamydial 
infection. Nevertheless, studies with C trachomatis and C. psittaci indicate that this is an 
attainable goal. For example, mice which have recovered from a lung infection with C 

15 trachomatis are protected'from^infertility induced by a subsequent v^i^ ^ehallenge (Ref 25). 
Similarly, sheep immxmized with^ inactivated C p^if^acx were protected -from t subsequent 
chlamydial^ndueed abbrtions-and;sti^^ (Ref 26). Protection from eUaraj^dial iiifectipns has 
been associated with Thl inimurieL-responses^paj^ producing 
CX)4^tJC=ceUs^ef:27) JJhe adoptiyjg t^ ofJCC^^ceU lines oxj&lones -tO-nudejQr,SCIDjrnice_ 



20 conferred protection)?^fi*orii ;ehallenge^ Gr^^:c^ in vivo 

depletion of CD4+ T cells exacerbated disease post^elmllenge ^^e^ However, the 

^ ' • ■ ■ ■■ . ■ 

presence of suJBBciently high titres of neutralising antibody at mucosal surfaces can also exert a 

protective effect (Ref 32). 

The extent of antigenic variation within the species C. pneumoniae is not well 
25 characterised. Serovars of C trachomatis are defined on the basis of antigenic variation in 

MOMP, but published C pneumoniae MOMP gene sequences show no variation between 

several diverse isolates of the organism (Ref 33-35). Regions of the protein known to be 

conserved in other chlamydial MOMPs are conserved in„C. ^ One study 

has described a strain of C. /7rtewwowiae -with a 
30 but the gene for this has-not :been sequenced;*;(Reft:l). Partial sequences^Sf outer membrane 

protein 2 from nine diverise isolates^ were 'also- foimd to be ii^^ 16). IThe geiies-for 
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HSP60 and HSP70 show little variation from other chlamydial species, as would be expected. 
The gene encoding a 76kDa antigen has been cloned from a single strain of C pnetanoniae. It 
has no significant similarity with other known chlamydial genes (Ref 4). 

Many antigens recognised by immune sera to C pneumoniae are conserved across all 

5 chlamydiae, but 98kDa, 76 kDa and 54 kDa proteins may be C pneumoniae-spQcific (Ref 2, 4, 
36). Immunoblotting of isolates with sera from patients does show variation of blotting patterns 
between isolates, indicating that serotypes C. pneumoniae may exist (Ref 1,16). However, the 
results are potentially confounded by the infection status of the patients, since immunoblot 
profiles of a patient's sera change with time post-infection. An assessment of the number and 

10 relative frequency of any serotypes, and the defining antigens, is not yet possible. 

C. pneumoniae infection usually presents as an acute respiratory disease (i.e., cough, sore 
throat, hoarseness, and fever, abnomal chest soxmds on auscultation). For most patients, the 
cough persists for 2 to 6 weeks, and recovery is slow. In approximately 10% of these cases, 
upper respiratory tract infection is followed by bronchitis or pneumonia. Furthermore, during a 

15 C pneumoniae epidemic, subsequent co-infection with pneimiococcus has been noted in about 
half of these pneumonia patients, particularly in the infirm and the elderly. As noted above, 
there is more and more evidence that C pneumoniae infection is also linked to diseases other 
than respiratory infections. 

Tb e- r^ c rvoir ff^f tl ie--Qr£aBism^j;^r^<amably-^eople.Jn-contFast4o-C^fiyi^ 



-y 20 there is no known bird or animal reservoir. Transmission has not been clearly defined. It may 
'fl result from direct contact with secretions, from formites, or from airbome spread. There is a long 

^ incubation period, which may last for many months. Based on analysis of epidemics, C. 

pneumoniae appears to spread slowly through a population (case-to-case interval averaging 30 
days) because infected persons are inefiBcient transmitters of the organism. Susceptibility to C. 
25 pneumoniae is universal. Reinfections occur during ad\ilthood, following the primary infection as 
a child. C pneumoniae appears to be an endemic disease throughout the world, noteworthy for 
superimposed intervals of increased incidence (epidemics) that persist for 2 to 3 years. 
C.trachomatis infection does not confer cross-immimity to C. pneumoniae. Infections are easily 
treated with oral antibiotics, tetracycline or erythromycin (2 g/d, for at least 10 to 14 d). A 
30 recently developed drug, azithromycin, is highly effective as a single-dose therapy against 
chlamydial infections. 
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In most instances, C pneumoniae infection is often mild and without complications, and 
up to 90% of infections are subacute or unrecognized. Among children in industrialized 
countries, infections have been thought to be rare up to the age of 5 y, although a recent study (E 
Normann et al. Chlamydia pneumoniae in children with acute respiratory tract infections. Acta 
5 Va,Qdisitiices;^*l§9^i^^ has«rrepo|fced«thatv^many<Hchildre]ifi^ this age; group 

show#P@R5eVidenee^of '4nfeetion despite being seronegati^^ 

19%" in 2-4^y olds;**Infideveloping countries, the seroprevalence of C^/^/iewmon/aeif antibodies 
among youngi^chij^en^s ele!Mated;,:<^and^th.ei^^are|t^spi^^^ 

important cause of acute lower respiratory tract disease and mortality for infants and children in 
10 tropical regions of the world. 

From seroprevalence studies and studies of local epidemics, the initial C pneumoniae 

infection usually happens between the ages of 5 and 20 y. In the USA, for example, there are 

estimated to be 30,000 cases of childhood pneumonia each year caused by C. pneumoniae. 

Infections may cluster among groups of children or young adults (e.g., school pupils or military 
15 conscripts).it^. 

C pneumpniae-causes^lO to 25% of communityv^acq^ired lowervrjespii^atoiy. t^ 
(as reported^frora^Sweden^* Italv>^t FiiUand^^andtathei^WS;;^).^^ C pneumonia 
infection may accpunt^for 50 t<5 ;6jD%fof4th^casesjQf pni^pinQn^^^ 
ep i sodes of rnixed mfect\ OTi^m^^.-^i€umQniae^ ~ 



20 Reinfection%duiingA*aduKhdi0d#is;iW clime^sd^prese^^ be^milder: -Based on 

population seropreyalenae^studieisssi^th^ be**iner:ease^^ age^ which is 

particularly evident among men. Some investigators have speculated that a persistent, 
asymptomatic C pneumoniae infection state is common. 

In adults of middle age or older, C pneumoniae infection may progress to chronic 

25 bronchitis and sinusitis. A study in the USA revealed that the incidence of pnexmionia caused by 
C. pneumoniae in persons yoxmger than 60 years is 1 case per 1,000 persons per year; but in the 
elderly, the disease incidence rose three-fold. C pneumoniae infection rarely leads to 
hospitalization,, except.in patients, .with.an underlying iUness.^ 

SUMIVt^^f OF TBDE€^}PEI^jFi0 

30 The present inventiomprQyidesi^ipurifi^*im ^that 55encode> 

Chlamydia polypepide^ ''designated^CPNTOW^^^^ Mo:'^1t;2), *bemused'*iin 
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methods to prevent, treat, and diagnose Chlamydia infection. The encoded polypeptides include 
polypeptides having the amino acid sequence shown in SEQ ID No:3 . Those skilled in the art 
will appreciate that the invention also includes DNA molecules that encode mutants and 
derivatives of such polypeptides, which result from the addition, deletion, or substitution of non- 
5 essential amino acids as described herein. The invention also includes RNA molecules 
corresponding to the DNA molecules of the invention. 

In addition to the DNA and RNA molecules, the invention includes the corresponding 
polypeptides and monospecific antibodies that specifically bind to such polypeptides. 

The present invention has wide application and includes expression cassettes, vectors, 
10 and cells transformed or transfected with the polynucleotides of the invention. Accordingly, the 
present invention provides (i) a method for producing a polypeptide of the invention in a 
recombinant host system and related expression cassettes, vectors, and transformed or transfected 
cells; (ii) a live vaccine vector, such as a pox virus. Salmonella typhimurium^ or Vibrio cholerae 
vector, containing a polynucleotide of the invention, such vaccine vectors being useful for, e.g., 
15 preventing and treating Chlamydia infection, in combination with a diluent or carrier, and related 
pharmaceutical compositions and associated therapeutic and/or prophylactic methods; (iii) a 
therapeutic and/or prophylactic method involving administration of an RNA or DNA molecule of 
the invention, either in a naked form or fonnulated with a delivery vehicle, a polypeptide or 

combination pnlyp^ptides^ a mQnQspfixdfifc_antibQgfa;_J-f the invention, and related 

20 pharmaceutical compositions; (iv) a method for diagnosing the presence of Chlamydia in a 
biological sample, which can involve the use of a DNA or RNA molecule, a monospecific 
antibody, or a polypeptide of the invention; and (v) a method for purifying a polypeptide of the 
invention by antibody-based affinity chromatography. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 The present invention will be further understood from the following description with 

reference to the drawings, in which: 

Figure 1 shows the nucleotide sequence of the CPNl 00422 (SEQ ID No: 1 - entire 
sequence and SEQ ID No: 2 - coding sequence) and the deduced amino acid sequence of the 
CPN100422 protein from Chlamydia pneumoniae (SEQ ID No: 3 ). 
30 Figure 2 shows the restriction enzyme analysis of the gene encoding the C. 

pneumoniae CPN 1 00422 gene. 
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DETAILED DESCRIPTION OF INVENTION 

In the C pneumoniae genome, open reading frames (ORFs) encoding chlamydial 
polypeptides have been identified. These polypeptides include polypeptides permanently found 
in the bacterial membrane structure, polypeptides that are present in the external vicinity of the 
5 bacterial membrme{?iiiincludi^gQlj^Bgp:dd the<iJ*incliUsionT.. membrane^ 

structure,^ipolypfeptidesjiith^are«presj^^^^ 

polypeptides>thattare»released intoitheieytoplasms^of the^infected•cell*^^TRSIe<^pol^,eptides:can be v 
used in vaccination^methdds' fo^ 

According to a first aspect of the invention, there are provided isolated 

10 polynucleotides encoding the precursor and mature forms of Chlamydia polypeptides. 

An isolated polynucleotide of the invention encodes (i) a polypeptide having an 
amino acid sequence that is homologous to a Chlamydia £unino acid, the Chlamydia amino acid 
sequence being selected from the group consisting of; 

(a) the amino acid sequences as shown: (SEQ ID No: 3 ) 

1 5 The term^isdlatSd'fepolynuGleotidejr >is define^ias aNpoljjr^^ from the 

environment in which^it natUKdly^occurs; For-«exampIeift a riaturaUyrOceuiringt^^ 
present^in the gen|&me!?.qf a li^ying^j^teida^pr as^p^i^o&a^grae^haiik^^nptvis same 
molecule- separiitMifrpmjfctheisem^^^ as-airesultf^f,^^.^., % cloning 

event (amplification),- is isolat^gd^ -''T^iGaJlyj^an isolated DNt^-^afnoIecule ^is feeie^ from DNA- 

20 regions (e.g., coding^^ggiQns)|\yith%wMc^^ immediately^^ntigugjis^atithi^ 3- end, in the 
naturally occurringi^genGme^ vSu^ch^isoIatedsiEolyW^ ^ vector or a 

composition and still be isolated in that such a vector or composition is not part of its natural 
environment. 

A polynucleotide of the invention can be in the form of RNA or DNA (e.g., cDNA, 
25 genomic DNA, or synthetic DNA), or modifications or combinations thereof The DNA can be 
double-stranded or single-stranded, and, if single-stranded, can be the coding strand or the non- 
coding (anti-sense) strand. The sequence that encodes a polypeptide of the invention as shown in 
SEQ ID NOs: 1 and 2, can . be^ (a) the..<^oding,,*gg?quenc^^^^ sho^Sfh^in. SEQ||ER NOs:2 (b) 
ribonucleotide sequenGe>derived*by;^transGiiptipmof (ia)^^ 
30 latter, as a result^Sf^the redundmcy ^oridegesn^^ 



6 
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polypeptides as the DNA molecules of which the nucleotide sequences are illustrated in SEQ ID 
NOs:l to 2. 

By "polypeptide" or "protein" is meaBt any chain of amino acids, regardless of length 
or post-translational modification (e.g., glycosylation or phosphorylation). Both terms are used 
interchangeably in the present application. 

By "homologous amino acid sequence" is meant an amino acid sequence that differs 
from an amino acid sequence shown in SEQ ID No: 3 , only by one or more conservative amino 
acid substitutions, or by one or more non-conservative amino acid substitutions, deletions, or 
additions located at positions at which they do not destroy the specific antigenicity of the 
polypeptide. 

Preferably, such a sequence is at least 75%, more preferably 80%, and most 
preferably 90% identical to an amino acid sequence shown in SEQ ID No: 3 . 

Homologous amino acid sequences include sequences that are identical or 
substantially identical to an amino acid sequence as shown in SEQ ID No:3, By "amino acid 
sequence substantially identical" is meant a sequence that is at least 90%, preferably 95%, more 
preferably 97%, and most preferably 99% identical to an amino acid sequence of reference and 
that preferably differs from the sequence of reference, if at all, by a majority of conservative 
amino acid substitutions. 

rnnservative amino acld_siahstitutions typically include substitutions among amino 



20 acids of the same class. These classes include, for example, amino acids having uncharged polar 
side chains, such as asparagine, glutamine, serine, threonine, and tyrosine; amino acids having 
basic side chains, such as lysine, arginine, and histidine; amino acids having acidic side chains, 
such as aspartic acid and glutamic acid; and amino acids having nonpolar side chains, such as 
glycine, alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan, and 

25 cysteine. 

Homology is typically measured using sequence analysis software (e.g^.. Sequence 
Analysis Software Package of the Genetics Computer Group, University of Wisconsin 
Biotechnology Center, 1710 University Avenue, Madison, WI 53705). Similar amino acid 
sequences are aligned to obtain the maximum degree of homology (/.c, identity). To this end, it 
30 may be necessary to artificially introduce gaps into the sequence. Once the optimal alignment 
has been set up, the degree of homology (/.e., identity) is established by recording all of the 
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positions in which the amino acids of both sequences are identical, relative to the total number of 
positions. 

Homologous polynucleotide sequences are defined in a similar way. Preferably, a 
homologous sequence is one that is at least 45%, more preferably 60%, and most preferably 85% 
5 identical to (i).a coding J]equ|nce«of«SBQliPj^ 

P61ypeptides#having*a sequence homologous to one of the4sequeneesi*shown-in SEQl^ 
ID NO: 3 , include naturally-oceurring allelic variants, as well as mutantsior any mother non-^ 
naturally occui^ng*^variantSrthat%£U'e<^ tenns*of*antiger|ijBit35;*toja»;po having'a 

sequence as shown in SEQ ID' NO: 3 . 
10 As is known in the art, an allelic variant is an alternate form of a polypeptide that is 

characterized as having a substitution, deletion, or addition of one or more amino acids that does 
not alter the biological function of the polypeptide. By "biological function" is meant the 
„^ function of the polypeptide in the cells in which it naturally occurs, even if the function is not 

O necessary for the growth or survival of the cells. For example, the biological function of a porin 

5.8 

p 15 is to allo\y the /Entt^i&tMcellsfGTfk^ 

^ fluictionn is dislinet:itfrcfei^tlieitanti^^ polyipqpt|ideji^<^5fifhavej^ one 
bioIpgical.^£uhctipn^ 

Is? 

5 Alldicl^yariantsfairei^v^^ natureipFdriie;xamplj^||%^ e,g.,C. 

^. _p^i^Qjgifljgj,is^usjuaU 



20 dleUc variatioiisMisInde^d$j^ pply^pti different 
strains^can haye^anfarniiiLOiacidii^quej^^ an 
^ allelic variation may be equally reflected at the polynucleotide level. 

Support for the use of allelic variants of polypeptide antigens comes from, e.g.y 
studies of the Chlamydial MOM? antigen. The amino acid sequence of the MOMP varies from 
25 strain to strain, yet cross-strain antibody binding plus neutralization of infectivity occurs, 
indicating that the MOMP, when used as an immunogen, is tolerant of anuno acid variations. 

Polynucleotides, e.g.y DNA molecules, encoding allelic variants can easily be 
retrieved by polymerase,«chain reaction^^CR) ampUfication*Gf«gqnoimc4>a<^eri^;l3NA.€^ 
by conventional^methoids!i!irhis«inv0lives*thei^ 
30 upstream%and.dovmstream»io6tKe^/l&d^^£ehds,^^^ 

designed^accordin'lligjiiai^ and 2: 
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Typically, a primer can consist of 10 to 40, preferably 15 to 25 nucleotides. It may be also 
advantageous to select primers containing C and G nucleotides in a proportion suflEcient to 
ensure efficient hybridization; e.g,y an amount of C and G nucleotides of at least 40%, preferably 
50% of the total nucleotide amount. 
5 Useful homologs that do not naturally occur can be designed using known methods 

for identifying regions of an antigen that are likely to be tolerant of amino acid sequence changes 
and/or deletions. For example, sequences of the antigen from different species can be compared 
to identify conserved sequences. 

Polypeptide derivatives that are encoded by polynucleotides of the invention include, 

10 e.g,, fragments, polypeptides having large internal deletions derived from full-length 
polypeptides, and fusion proteins. 

Polypeptide fragments of the invention can be derived from a polypeptide having a 
sequence homologous to any of the sequences shown in SEQ ID NO: 3 , to the extent that the 
fragments retain the substantial antigenicity of the parent polypeptide (specific antigenicity). 

15 Polypeptide derivatives can also be constructed by large internal deletions that remove a 
substantial part of the parent polypeptide, while retaining specific antigenicity. Generally, 
polypeptide derivatives should be about at least 12 amino acids in length to maintain 
antigenicity. Advantageously, they can be at least 20 anuno acids, preferably at least 50 amino 
acids, moreL43referably-atieast- J5 a min o a cid .s^-and-mos t pr e f e r a bly at-ieast-4^-aminQ-ac 



ly 20 



25 



30 



length. 

Useful polypeptide derivatives, e,g., polypeptide fragments, can be designed using 
computer-assisted analysis of amino acid sequences in order to identify sites in protein antigens 
having potential as surface-exposed, antigenic regions (Ref 37). 

Polypeptide fragments and polypeptides having large internal deletions can be used 
for revealing epitopes that are otherwise masked in the parent polypeptide and that may be of 
importance for inducing a protective T cell-dependent immune response. Deletions can also 
remove immimodominant regions of high variability among strains. 

It is an accepted practice in the field of immunology to use fragments and variants of 
protein immunogens as vaccines, as all that is. required to induce an immune response to a 
protein is a small (e.g., 8 to 10 amino acid) immunogenic region of the protein. This has been 
done for a number of vaccines against pathogens other than Chlamydia. For example, short 
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synthetic peptides corresponding to surface-exposed antigens of pathogens such as murine 
mammary tumor virus, peptide containing 11 amino acids; (Ref 38), Semliki Forest virus, 
peptide containing 16 amino acids (Ref 39), and canine parvovirus, 2 overlapping peptides, each 
containing 1 5 amino acids (Ref 40), have been shown to be effective vaccine antigens against 
their respective*pathogens!f«# 

Polynucieotides^encoding polypeptide- 2fi^gments»^andf^-^ 
intemalt»deletionsf^canAe -constructed using standard methods (R(eftB41), for*«exampley^^by'*PClC" 
including inverse^geR^ by^restrietion enzyme^treateient^of-^the cIoiigd«DNA^^ by the- 

method of Kunkel et aL (Ref 42) biological material available at Stratagene. 

A polypeptide derivative can also be produced as a fusion polypeptide that contains a 
polypeptide or a polypeptide derivative of the invention fused, e.g., at the N- or C-terminal end, 
to any other polypeptide (hereinafter referred to as a peptide tail). Such a product cein be easily 
obtained by translation of a genetic fusion, te., a hybrid gene. Vectors for expressing fusion 
polypeptides are commercially available, such as the pMal-c2 or pMal-p2 systems of New 
England -Biolates!0inwhiehi^th6^ 

transferase systemjrpffBlfitoaeia,i^or^^ and 

otherH*expr!essioni|systems*projt?ide%<?pnveni^e^^ 

derivatixes*of tUTel^ipi^ti 



5*~ 



20 polypeptide^^or .poj5^5^^defdemvatiye*of«thefsdnw^^^ 

activity, such as5ii^gi,jaLSubiiiu1#%^f*eithe^ :|a/iiheatslabile^^ 
possibilities are can be used for achieving fusion. First, the polypeptide of the invention can be 
fused to the N-, or preferably, to the C-terminal end of the polypeptide having adjuvant activity. 
Second, a polypeptide fragment of the invention can be fused within the amino acid sequence of 

25 the polypeptide having adjuvant activity. 

As stated above, the polynucleotides of the invention encode Chlamydia polypeptides 
in precursor or mature form. They can also encode hybrid precursors containing heterologous 
signal peptides5i\^hi<5l^^^j4iatureirto signal^^ 
peptide'wis meant^usi^dtpeptideffthat-*is«notii^foim 

30 polypeptide of tHg^mwntipiipl^ 
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A polynucleotide of the invention, having a homologous coding sequence, hybridizes, 
preferably under stringent conditions, to a polynucleotide having a sequence as shown in SEQ ID 
NOs:l to 2. Hybridization procedures are, e.g.y described in Ausubel et aL, (Ref 41), Silhavy et 
oL (Ref 43); Davis et al, (ref 44). Important parameters that can be considered for optimizing 
5 hybridization conditions are reflected in a formula that allows calculation of a critical value, the 
melting temperature above which two complementary DNA strands separate from each other Ref 
45). This formula is as follows: Tm=81.5 + 0.5 x (% G+C) + 1,6 log (positive ion 
concentration) - 0.6 x (% formamide). Under appropriate stringency conditions, hybridization 
temperature (Th) is approximately 20 to 40°C, 20 to 25*^0, or, preferably 30 to 40°C below the 
10 calculated Tm. Those skilled in the art will vinderstand that optimal temperature and salt 
conditions can be readily determined empirically in preliminary experiments using conventional 
procedures. 

For example, stringent conditions can be achieved, both for pre-hybridizing and 
hybridizing incubations, (i) vidthin 4-16 hours at AT'C, in 6 x SSC containing 50% formamide or 
15 (ii) within 4-16 hours at 65°C in an aqueous 6 x SSC solution (1 M NaCl, 0.1 M sodium citrate 
(pH7.0)). . 

y{ For polynucleotides containing 30 to 600 nucleotides, the above formula is used and 

s then is corrected by subtracting (600/polynucleotide size in base pairs). Stringency conditions 

are-defined by a Th tliat is S to 1 Q°C below Tm . 
20 Hybridization conditions with oligonucleotides shorter than 20-30 bases do not 

,n ' exactly follow the rules set forth above. In such cases, the formula for calcxUating the Tm is as 
^ follows; Tm = 4 X (G+C) + 2 (A+T). For example, an 18 nucleotide fragment of 50% G+C 

would have an approximate Tm of 54°C. 

A polynucleotide molecule of the invention, containing RMA, DNA, or modifications 
25 or combinations thereof, can have various applications. For example, a DNA molecule can be 
used (i) in a process for producing the encoded polypeptide in a recombinant host system, (ii) in 
the construction of vaccine vectors such as poxviruses, which are further used in methods and 
compositions for preventing and/or treating Chlamydia infection, (iii) as a vaccine agent (as well 
as an RNA molecule), in a naked form or formulated with a delivery vehicle and, (iv) in the 
30 construction of attenuated Chlamydia strains that can over-express a polynucleotide of the 
invention or express it in a non-toxic, mutated form, 

11 
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According to a second aspect of the invention, there is therefore provided (i) an 
expression cassette containing a DNA molecule of the invention placed under the control of the 
elements required for expression, in particular under the control of an appropriate promoter; (ii) 
an expression vgctor containing an expr^sion cassette of the invention; (iii) a procaryotic or 
5 eucaryptic.,.celUtransformed.or. transfetted^vvith,,an .expression ^cassette^.^ vector , of the 
invention^^as^well as? ,(iv)sa proeess-for^*pradueing*.a polj^ptide or poiypieptide^^derivative 
encodedNby^a polynucleotide >of'*^the^inVention, which involvesv culturing^a proeaiyotic or 
eucaryotic ^jeelWtransfQmed^.or^^^^ of the 

invention, under conditions that allow expression of the DNA molecule of the invention and, 
10 recovering the encoded polypeptide or polypeptide derivative from the cell culture. 

A recombinant expression system can be selected from procaryotic and eucaryotic 
hosts. Eucaryotic hosts include yeast cells (e.g,, Saccharomyces cerevisiae or Pichia pastoris\ 
manmialian cells {e.g., COSl, N1H3T3, or JEG3 cells), arthropods cells (e.g., Spodoptera 
frugiperda (SF9) cells), and plant cells. Preferably, a procaryotic host such as E, coli is used. 
15 Bacterial and^eucaiyoticlfe^ells aFef^^^ skilled in 

the art, e.g., the American T3^e Gultijre>€ollecti RoekyilleJ^MaEylandi). 

y\ The ehoiceipf the'^expi^^ss the expressed 

Up- 

s polypeptide. For example,, Jt nmyji^^iiseM in a 

p a rticular lipidated -^ foiifn^r^ y^QthCT^f ^^ 

20 Thetehoice*ofctheiexpressipnicassetteikwills^^^^ as well 

® as the featureSndesired*foF the express!ed*polypeptidei Typically^^an^expression cassette i 

a promoter that is functional in the selected host system and can be constitutive or inducible; a 
ribosome binding site; a start codon (ATG) if necessary, a region encoding a signal peptide, e.g., 
a lipidation signal peptide; a DNA molecule of the invention; a stop codon; euid optionally a 3' 

25 terminal region (translation and/or transcription terminator). The signal peptide encoding region 
is adjacent to the polynucleotide of the invention and placed in proper reading frame. The signal 
peptide-encoding region can be homologous or heterologous to the DNA molecule encoding the 
mature polypeptide and can be specific to the secretion apparatus of the host used for expression. 
The open reading frame constituted^by the'^DN!A?»«^mol^uleivC)f-*theMnventiQ^^^ 

30 with the signal peptide, is placed^under the^control^of the^prornoterSs^ 

translation occur in the host^system^* Prdmotersl^^signd peptide^ are**widely^ 
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known and available to those skilled in the art and includes, for example, the promoter of 
Salmonella typhimurium (and derivatives) that is inducible by arabinose (promoter araB) and is 
functional in Gram-negative bacteria such as E. coli (as described in U.S. Patent No. 5,028,530 
and in Cagnon et aL, (Ref 46); the promoter of the gene of bacteriophage T7 encoding RNA 
polymerase, that is functional in a nximber of E. coli strains expressing T7 polymerase (described 
in U.S. Patent No. 4,952,496); OspA lipidation signal peptide ; and RlpB lipidation signal 
peptide (Ref 47). 

The expression cassette is typically part of an expression vector, which is selected for 
its ability to replicate in the chosen expression system. Expression vectors (e.^., plasmids or 
viral vectors) can be chosen from those described in Pouwels et aL (Cloning Vectors: A 
Laboratory Manual 1985, Supp. 1987). They can be purchased from various commercial 
sources. 

Methods for transforming/transfecting host cells with expression vectors will depend 
on the host system selected as described in Ausubel et aL^ (Ref 41). 

Upon expression, a recombinant polypeptide of the invention (or a polypeptide 
derivative) is produced and remaiiis. in the intracellular compartment, is secreted/excreted in the 
extracellular medium or in the periplasmic space, or is embedded in the cellular membrane. The 
polypeptide can then be recovered in a substantially purified form from the cell extract or fh)m 
-the-SHp em a t an t aft er-o entrifugation of the recombinant cell culture. T3fpicaHy, th e- Teeembiaant— 



polypeptide can be purified by antibody-based affinity purification or by any other method that 
can be readily adapted by a person skilled in the art, such as by genetic fusion to a small affinity 
binding domain. Antibody-based affinity purification methods are also available for purifying a 
polypeptide of the invention extracted from a Chlamydia strain. Antibodies useful for purifying 
by immunoaffinity the polypeptides of the invention can be obtained as described below. 

A polynucleotide of the invention can also be usefiil in the vaccine field, e.g., for 
achieving DNA vaccination. There are two major possibilities, either using a viral or bacterial 
host as gene delivery vehicle (live vaccine vector) or administering the gene in a free form, e.g., 
inserted into a plasmid. Therapeutic or prophylactic efficacy of a polynucleotide of the invention 
can be evaluated as described below. 

Accordingly, in a third aspect of the invention, there is provided (i) a vaccine vector 
such as a poxvirus, containing a DNA molecule of the invention, placed under the control of 
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elements required for expression; (ii) a composition of matter containing a vaccine vector of the 
invention, together with a diluent or carrier; particularly, (iii) a pharmaceutical composition 
containing a therapeutically or prophylactically elfective amount of a vaccine vector of the 
invention; (iv) a method for inducing an immune response against Chlamydia in a mammal (e.g., 
a human;? altematiivelyy$pitheil^ treating or ^ 

pTC\m^e4<SMamydm^mfGCtiQmof animals, c.g4,^catSAor-'birds), which^^-involves^^administering to 
the manimaJwan^inmiunogemcallyAeffec^^ veGt0r^of«the**invention*to elicit^ 

an immune respons!e>?«he.g., a pro^tgptive or^i^therapeutic^immune^Jircsps!^^ ; and 

particularly, (v) a method for preventing and/or treating a Chlamydia (e,g„ C, trachomatis, C. 
psittaci, C pneumonia, C. pecorum) infection, which involves administering a prophylactic or 
therapeutic amount of a vaccine vector of the invention to an individual in need. Additionally, 
the third aspect of the invention encompasses the use of a vaccine vector of the invention in the 
preparation of a medicament for preventing and/or treating Chlamydia infection. 

A vaccine vector of the invention can express one or several polypeptides or 
derivatives of the ^inventionpas welK as' at^4easti(;Qne«addi{iBnal<«^C/z/^^^ fragment, 
homolog, .wmutant,,4or deriyatiye .thereof , In ?additMniWt can ^^expr^^ cytokine, such as 
interleukinr:2**.(FLi2);;pr mteplejikii^^ (IL-J2)^^|hatii^eiihaii<^Sj|ithe^ 

effect). Thus,M% vaccinei^v;ector;Aic^ a 
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in a manunsdianA^eU^' 

Alternatively, ^a composition of the'^invention'cipan^includewfSever^^ vectors, 
each of them being capable of expressing a polypeptide or derivative of the invention. A 
composition can also contain a vaccine vector capable of expressing an additional Chlamydia 
antigen, or a subimit, fragment, homolog, mutant, or derivative thereof; or a cytokine such as IL- 
2 or IL-12. 

In vaccination methods for treating or preventing infection in a mammal, a vaccine 
vector of the invention can be administered by any conventional route in use in the vaccine field, 
particularly, to a mucosal (re.g^., ocular,>i¥intr3hSa§al5(^^ 

vaginal, or urinary //tract) surfacje-^sior vza theifcpareinterali^(eg>i?*-.subcutan^^i^ 
intramuscular, intravenoiis,%or intmpentdnTeal*)-routeiltPreffer^^^^ of 
the vaccine vector. The admimsteatk^ifican^ a-^single^rdoseigji^^repeated^at intervals. 
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The appropriate dosage depends on various parameters understood by skilled artisans such as the 
vaccine vector itself, the route of administration or the condition of the mammal to be vaccinated 
(weight, age and the like). 

Live vaccine vectors available in the art include viral vectors such as adenoviruses 

5 and p>oxviruses as well as bacterial vectors, e.g,, Shigella, Salmonella, Vibrio cholerae, 
Lactobacillus^ Bacille biUe de Calmette-Guerin (BCG), and Streptococcus, 

An example of an adenovirus vector, as well as a method for constructing an 
adenovirus vector capable of expressing a DNA molecxile of the invention, are described in 
U.S. Patent No. 4,920,209. Poxvirus vectors that can be used include, e.g., vaccinia and canary 

10 pox virus, described in U.S. Patent No. 4,722,848 and U.S. Patent No. 5,364,773, respectively 
(also see, e.g,, Tartaglia et a/.. Virology (1992) 188:217) for a description of a vaccinia virus 
vector; and Taylor et al. Vaccine (1995) 13:539 for a reference of a canary pox). Poxvmis 
vectors capable of expressing a polynucleotide of the invention can be obtained by homologous 
recombination as described in Kieny et al. Nature (1984) 312:163 so that the polynucleotide of 

15 the invention is inserted in the viral genome under appropriate conditions for expression in 
mammalian cells. Genei^ly, the dose of vaccine viral vector, for therapeutic or prophylactic use, 
can be of from about 1x10"* to about 1x10", advantageously from about 1x10'' to about 1x10*^ 
preferably of from about 1x10^ to about 1x10^ plaque-forming imits per kilogram. Preferably, 
viral vectors are administered parenterally; for example, in 3 doses, 4 weeks apart. Those skilled 



20 in the art recognize that it is preferable to avoid adding a chemical adjuvant to a composition 
containing a viral vector of the invention and thereby minimi2ing the immime response to the 
viral vector itself. 

Non-toxicogenic Vibrio cholerae mutant strains that are useful as a live oral vaccine 
are described in Mekalanos et a/., Nature (1983) 306:551 and U.S. Patent No. 4,882,278 (strain 

25 in which a substantial amoxmt of the coding sequence of each of the two ctxA alleles has been 
deleted so that no functional cholerae toxin is produced); WO 92/1 1354 (strain in which the irgA 
locus is inactivated by mutation; this mutation can be combined in a single strain with ctxA 
mutations); and WO 94/1533 (deletion mutant lacking functional ctxA and ottRSl DNA 
sequences). These strains can be genetically engineered to express heterologoxxs antigens, as 

30 described in WO 94/19482. An effective vaccine dose of a Vibrio cholerae strain capable of 
expressing a polypeptide or polypeptide derivative encoded by a DNA molecule of the invention 

15 
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can contain, e.g., about 1x10^ to about 1x10^, preferably about 1x10^ to about 1x10* viable 
bacteria in an appropriate volume for the selected route of administration. Preferred routes of 
administration include all mucosal routes; most preferably, these vectors are administered 

intranasally or orally. ^ , , ^ . 

AnenuQXj&drSalmonena Jyphimunum strains, genetically engineered for recombinant 
expression of heterologoiis^ antigens or not, and: their use as oral vaGcine^^are described in 
Nakayamaet a/. (Bio/Technolo^ (1988) 6:693) and WO 92/11361. Preferred routes of 
administration include all mucosak routes;- most preferably, these vectors are: administered 
intranasally or orally. 

Others bacterial strains useful as vaccine vectors are described in High et aL, EMBO 
(1992) 11:1991 and Sizemore et al. Science (1995) 270:299 {Shigella flexneri)\ Medaglini et a/., 
Proc. Natl. Acad. Sci. USA (1995) 92:6868 {Streptococcus gordonii); and Flynn J.L., Cell. Mol. 
Biol. (1994) 40 (suppl. I):31, WO 88/6626, WO 90/0594, WO 91/13157, WO 92/1796, and WO 
92/21376 (Bacille Cahnette Guerin). 

In bacterial vectors, : p9lyhucleotide of the invention, can be inserted into the bacterial 
genome or can remain in. a free state^: carried- on a plasmid. 

An adjuvantcan-also be added to a composition containing a vaccine bacterial vector, 
s A number of adjuvants are jjoio those skilled ?in the art.: Preferred adj uyants ;can be selected 

^ 20 According to a fourthiaspe0t*of the inventionpthere is also proyided^(i) a composition 

of matter containing a polynucleotidevof the invention^ together with a diluent or carrier; (ii) a 
pharmaceutical composition containing a therapeuticaUy or prophylactically effective amount of 
a polynucleotide of the invention; (iii) a method for inducing an immune response against 
Chlamydia, in a mammal, by administering to the mammal, an inununogenically effective 
25 amount of a polynucleotide of the invention to elicit an immune response, e.^., a protective 
immune response to Chlamydia; and particularly, (iv) a method for preventing and/or treating a 
Chlamydia {e,g,, C. trachomatis, C, psittaci C pneumoniae, or C pecorum) infection, by 
administering a prophylactic or therapeutic amount of a polynucleotide of the invention to an 
individual in need. Additionally, the fourth' aspect^ofvthe^inyentionvencompa^ 
30 polynucleotide of the invention s the preparation of a medic^^ preventing and/pr treating 

Chlamydia infection. TKe foiuthCaspectibf ^t^^^^^ DNA 
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molecule placed xinder conditions for expression in a mammalian cell, e.g,, in a plasmid that is 
unable to replicate in mammalian cells and to substantially integrate in a mammalian genome. 

Polynucleotides (DNA or RNA) of the invention can also be administered as such to a 
mammal for vaccine, e,g,, therapeutic or prophylactic, purpose. When a DNA molecule of the 
5 invention is used, it can be in the form of a plasmid that is unable to replicate in a mammalian 
cell and unable to integrate in the mammalian genome. Typically, a DNA molecule is placed 
under the control of a promoter suitable for expression in a mammalian cell. The promoter can 
function ubiquitously or tissue-specifically. Examples of non-tissue specific promoters include 
the early Cytomegalovirus (CMV) promoter (described in U.S. Patent No. 4,168,062) and the 
10 Rous Sarcoma Virus promoter (described in Norton & Coffin, Molec. Cell Biol. (1985) 5:281). 
The desmin promoter (Li et aL, Gene (1989) 78:243, Li & Paulin, J. Biol. Chem. (1991) 
266:6562 and Li & Paulin, J. Biol. Chem. (1993) 268:10403) is tissue-specific and drives 
„ expression in muscle cells. More generally, useful vectors are described, i,a., WO 94/21797 and 

p Hartikka et al. Human Gene Therapy (1996) 7: 1205. 

^2 15 For DNA/RNA vaccination, the polynucleotide of the invention can encode a 

precursor or a mature form. When it encodes a precursor form, the precursor form can be 

'''4 homologous or heterologous. In the latter case, a eucaryotic leader sequence can be used, such as 

W 

£ the leader sequence of the tissue-type pleisminogen factor (tPA), 

A r^ntTnpnsiti'on of the invention can contain one or several polynucleotides^jifjhe^ 
ru 20 invention. It can also contain at least one additional polynucleotide encoding another Chlamydia 
antigen such as urease subunit A, B, or both; or a fragment, derivative, mutant, or analog thereof. 
^ A polynucleotide encoding a cytokine, such as interleukin-2 GL-2) or interle\ikin-12 (IL-12), can 

also be added to the composition so that the inunune response is enhanced. These additional 
polynucleotides are placed under appropriate control for expression. Advantageously, DNA 
25 molecules of the invention and/or additional DNA molecules to be included in the same 
composition, can be carried in the same plasmid. 

Standard techniques of molecular biology for preparing and purifying polynucleotides 
can be used in the preparation of polynucleotide therapeutics of the invention. For use as a 
vaccine, a polynucleotide of the invention can be formulated according to various methods. 
30 First, a polynucleotide can be used in a naked form, firee of any delivery vehicles, 

such as anionic liposomes, cationic lipids, microparticles, e.^., gold microparticles, precipitating 
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agents, e.g., calcium phosphate, or any other transfection-facilitating agent. In this case, the 
polynucleotide can be simply diluted in a physiologically acceptable solution, such as sterile 
saline or sterile buffered saline, with or without a carrier. When present, the carrier preferably is 
isotonic, hypotonic, or weakly hypertonic, and has a relatively low ionic strength, such as 
5 provided^iby a^sucrose'sblution^^^f^^s^xa^solution^iecm 

Altemativelyv a polynucleotide ean^be associated^with ag€fntsihthat»assist^in celMar 
uptake. It call be, /.a, (i) complemented with a chemical agent-^that modiffi^s^ithe cellular 
permeability, such as bupivacaine (see,T,e.^., W@ 94^1673^*)5.(ii) encaBSJ^lated^»jnto liposomes, or 
(iii) associated with cationic lipids or silica, gold, or tungsten microparticles. 
10 Anionic and neutral liposomes are well-known in the art (see, e.g.. Liposomes: A 

Practical Approach, RPC New Ed, IRL press (1990), for a detailed description of methods for 
making liposomes) and are useful for delivering a large range of products, including 
polynucleotides. 

Cationic lipids are also known in the art and are commonly used for gene delivery, 
b 15 Such lipids includeitLippfectm^^ls^^ 

Hi trimethylaimnQniuin^ chlGnde)^ DQmR. (1 ,2-bis(ole^lp)^r3T(tidi^^ 

H DDAB^(dimeih3^1dip^tad^yJt^^ 

r and chQlesterplj^denyati5/*es^i»suGh|ia^ 

^ r.- ^ rh fl mnyl) nhole fi terol)?^. A^deseription^ofrthe s e^c^^ ^ ^ ^ EP 187,7 02^ 

^ 20 WO90/11092««iy.St««Paf^^ 

m No. 5,527,928?l»'G^iQnieflipid§jfi3|rlgeneid^^ 

. lipid such as DOPE (dioleyl phosphatidylethanolamine), as, for example, described in 
WO 90/1 1092. 

Other transfection-facilitating compounds can be added to a formulation containing 
25 cationic liposomes. A number of them are described in, e.g., WO 93/18759, WO 93/19768, WO 

94/25608, and WO 95/2397. They include, /.a., spermine derivatives useful for facilitating the 

transport of DNA through the nuclear membrane (see, for example, WO 93/18759) and 

membrane-permeabUMnt^omppuj^^ 

(see, for example|«V®i93m9M8i)W 
30 G6ld6(or^tungste3i)iMeippai^ 

WO 91/359, W®1^93/Wa0#»^ 



18 



RY35 101998 



microparticle-coated polynucleotides can be injected via intradermal or intraepidermal routes 
using a needleless injection device ("gene gun"), such as those described in U.S. Patent 
No. 4,945,050, U.S. Patent No. 5,015,580, and WO 94/24263. 

The amount of DNA to be used in a vaccine recipient depends, e.g., on the strength of 
5 the promoter used in the DNA construct, the immunogenicity of the expressed gene product, the 
condition of the mammal intended for administration (e.g., the weight, age, and general health of 
the mammal), the mode of administration, and the type of formulation. In general, a 
therapeutically or prophylactically effective dose from about 1 \xg to about 1 mg, preferably, 
from about 10 fig to about 800 |ig and, more preferably, from about 25 |ag to about 250 ^g, can 
10 be administered to human adults. The administration can be achieved in a single dose or 
repeated at intervals. 

The route of administration can be any conventional route used in the vaccine field. 
As general guidance, a polynucleotide of the invention can be administered via a mucosal 
surface, eg., an ocular, intranasal, pulmonary, oral, intestinal, rectal, vaginal, and urinary tract 
15 surface; or via a parenteral route, e.g., by an intravenoxis, subcutaneous, intraperitoneal, 
intradermal, intraepidermal, or intramiiscular route. The choice of the admiiiistration route will 
depend on, e.g., the formxilation that is selected. A polynucleotide formulated in association witii 
bupivacaine is advantageously administered into muscles. When a neutral or anionic liposome or 
a-e ationic lipi d, such n OTMA or D C - Chn l, i s uj ; ed , the formulation ca n b e ad v a nt a p e ou sl y 
J 20 injected via intravenous, intranasal (aerosolization), intramuscxilar, intradermal, and 
subcutaneous routes. A polynucleotide in a naked form can advantageously be administered via 
the intramuscular, intradermal, or sub-cutaneous routes. 

Although not absolutely required, such a composition can also contain an adjuvant. If 
so, a systemic adjuvant that does not require concomitant administration in order to exhibit an 
25 adjuvant effect is preferable such as, e.g., QS21 , which is described in U.S. Patent No. 5,057,546. 

The sequence information provided in the present application enables the design of 
specific nucleotide probes and primers that can be useftil in diagnosis. Accordingly, in a fifth 
aspect of the invention, there is provided a nucleotide probe or primer having a sequence found 
in or derived by degeneracy of the genetic code from a sequence shown in SEQ ID NO:l to 2. 
30 The term "probe" as used in the present appUcation refers to DNA (preferably single 

stranded) or RNA molecules (or modifications or combinations thereof) that hybridize under the 
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Stringent conditions, as defined above, to nucleic acid molecules having sequences homologous 
to those shown in SEQ ID NOs:l and 2, or to a complementary or anti-sense sequence. 
Generally, probes are significantly shorter than fulHength sequences shown in SEQ ID NOs:l 
and 2; for example, they can contain from about 5 to about 100, preferably from about 10 to 
about- 80^nueleo1ddesi»In^paisfcie:^!?iprobes«ha^^fe^^ at 
leasts 8 5%t' more preferably 95% homologous to a portion^of a sequence -aswshoMTi' in . SEQ ID 
NOs^l^ and*2 or thatnarev complementary to such sequences. Pr6bes-ean«eontainipmodiifii^d%ases 
such as inosine, methyl-5-deoxycytidiney^ deqxyuridiner dimethylami or 
diamino-2, 6-purine. Sugar or phosphate residues can also be modified or substituted. For 
example, a deoxyribose residue can be replaced by a polyamide (Nielsen et al.^ Science (1991) 
254:1497) and phosphate residues can be replaced by ester groups such as diphosphate, alkyl, 
arylphosphonate and phosphorothioate esters. In addition, the 2*-hydroxyl group on 
ribonucleotides can be modified by including, e.g,, alkyl groups. 

Probes of the invention can be used in diagnostic tests, as captvire or detection probes. 
Such capture probesi^canibSieonyentionallylinmidbiliz^^ indirectly, 
by covalent,meaiis*Qr ,byipassiy.e»adso^^^^ de^^tion^i^pr^Jbifii^^^ by a detection 

marker.s,ele^tjed*.from^di@%?.%e>isotQp^^^^ 
and enzymesaabl.^Q#hy^lyze«aichr0moge^ 
- t h at ^ r ^ chr o rnng eQ ic jtefi u^r 4S> genieyor lum in eseent^^ ^ 



20 Pr6bl!S'of41iielmventi©hleaml^e*;^ such 

as dot blot (Mainatis*eAa/.r'MoleGular*Gloningi?r4^ 

Laboratory Press, Cold Spring Harbor, New York), Southern blot (Southern, J. Mol. Biol. (1975) 
98:503), northern blot (identical to Southern blot to the exception that RNA is used as a target), 
or the sandwich technique (Dunn et al. Cell (1977) 12:23). The latter technique involves the use 

25 of a specific capture probe and/or a specific detection probe with nucleotide sequences that at 
least partially differ from each other. 

A primer is usually a probe of about 10 to about 40 nucleotides that is used to initiate 
enzymatic polyniei^tioiii6f**©NAiin ^an^amplifie^ignj^pf oeess;»^^^ an elongation^i^ 

process, or in a revei^e^transcidpiohi^m^thdd^^^ 

30 can be4abelled^* 
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Thus, the invention also encompasses (i) a reagent containing a probe of the invention 
for detecting and/or identifying the presence of Chlamydia in a biological material; (ii) a method 
for detecting and/or identifying the presence of Chlamydia in a biological material, in which (a) a 
sample is recovered or derived jfrom the biological material, (b) DNA or RNA is extracted from 
the material and denatured, and (c) exposed to a probe of the invention, for example, a capture, 
detection probe or both, under stringent hybridization conditions, such that hybridization is 
detected; and (iii) a method for detecting and/or identifying the presence of Chlamydia in a 
biological material, in which (a) a sample is recovered or derived from the biological material, 
(b) DNA is extracted therefrom, (c) the extracted DNA is primed with at least one, and preferably 
two, primers of the invention and amplified by polymerase chain reaction, and (d) the amplified 
DNA fragment is produced. 

As previomly mentioned, polypeptides that can be produced upon expression of the 
newly identified open reading frames are useful vaccine agents. 

Therefore, a sixth aspect of the invention features a substantially purified polypeptide 
or polypeptide derivative having an amino acid sequence encoded by a polynucleotide of the 

.invention _ . . 

A "substantially purified polypeptide" is defined as a polypeptide that is separated 
from the environment in which it naturally occurs and/or that is free of the majority of the 
p olyp ep^ ^ thnt n rp present in the environment in which it w a s s ynthe s ized . _EoiL^am p le^ 
substantially purified polypeptide is free from cytoplasmic polypeptides. Those skilled in the art 
will understand that the polypeptides of the invention can be p\irified from a natural source, a 
Chlamydia strain, or can be produced by recombinant means. 

Homologous polypeptides or polypeptide derivatives encoded by polynucleotides of 
the invention can be screened for specific antigenicity by testing cross-reactivity vdth an 
antiserum raised against the polypeptide of reference having an amino acid sequence as shown in 
SEQ ID NOs:3 . Briefly, a monospecific hyperimmune antiserum can be raised against a 
purified reference polypeptide as such or as a fusion polypeptide, for example, an expression 
product of MBP, GST, or His-tag systems or a synthetic peptide predicted to be antigenic. The 
homologous polypeptide or derivative screened for specific antigenicity can be produced as such 
or as a fusion polypeptide. In this latter case and if the antiserum is also raised against a fusion 
polypeptide, two different fiasion systems are employed. Specific antigenicity can be determined 
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according to a number of methods, including Western blot (Towbin et aL, Proc. Natl. Acad. Sci, 
USA (1979) 76:4350), dot blot, and ELISA, as described below. 

In a Western blot assay, the product to be screened, either as a purified preparation or 
a total E, coli extract, is submitted to SDS-Page electrophoresis as described by Laemmli (Nature 

5 (1970) 227:680). After transfer to a nitrocellulose iriembrauie, the material is further incubated 
v^th the'monospeeifiej>hyperimmm dilutiQtistfirpm abotut 1 :5 to 

about l:5000}lipreferablyj«fronipabo.ut#k400sto a^ shown*"Gnce*a 
band coFreiSpondingi%the«iproduqttexhibite^^ 

In an ELISA assay, the product to be screened is preferably used as the coating 

10 antigen. A purified preparation is preferred, although a whole cell extract can also be used. 
Briefly, about 100 ^1 of a preparation at about 10 |ig protein/ml are distributed into wells of a 96- 
well polycarbonate ELISA plate. Hie plate is incubated for 2 hours at 37°C then overnight at 
4°C. The plate is washed with phosphate buffer saline (PBS) containing 0.05% Tween 20 
(PBS/Tween buffer). The wells are saturated with 250 (il PBS containing 1% bovine serum 

15 albumin (BSA) to prevent non-specific .aJitibody^^bindin 1 hour incubtation at 37°C, the 

plate is washed witiijPBS/Tween biiffer^ The antiserum4$ serially diluted^in PBS/Tween buffer 
containing p.5%^BS A... 100 iil^of,4iItitioris*are/*add,^djip^^ incubated for 

90 minutes at 37°C*yyash!^4and«^ejy^^^ example, a 

g A at-a nti - rahhit pCTQxi dafse ^ cdnj u g atel ^ ^^ ^ 
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in rabbits.*^.hicubation is^earried'^dut f6r^90 minutestat 3?®C^£&id**the?platejas AYashe^^^^ 
is developed with -^the -appropriate substratev:and«*^th^^ coloiimetry 
(absorbance measured spectrophotometrically). Under the above experimental conditions, a 
positive reaction is shown by O.D, values greater than a non immune control serum. 

In a dot blot assay, a purified product is preferred, although a whole cell extract can 
also be used. Briefly, a solution of the product at about 100 |ig/ml is serially two-fold diluted in 
50 mM Tris-HCl (pH 7.5). 100 nl of each dilution are applied to a nitrocellulose membrane 0.45 
^m set in a 96-well dot blot apparatus (Biorad). The buffer is removed by applying vacuum to 
the system. Wells are washed by addition of 50 mM Tris-HCl (pH 7.5) and the membrane is air- 
dried. The membrane is saturated^in blocking Hbjufferi('50 inMi^^ 0:15 M NaGl, 
10 g/L skim milk) and incub€ited Awitlf ^lin^ahtis'S^^ abQUt 1:5000, 
preferably about 1 :500. TheTeaGlidn4s'freveale^diafecQrding*itq^^ 



22 



RY35 101998 



10 



15 



a goat anti-rabbit peroxidase conjugate is added to the wells when rabbit antibodies are used. 
Incubation is carried out 90 minutes at 37^C and the blot is washed. The reaction is developed 
with the appropriate substrate and stopped. The reaction is measured visually by the appearance 
of a colored spot, e.g., by colorimetry. Under the above experimental conditions, a positive 
reaction is shown once a colored spot is associated with a dilution of at least about 1:5, 
preferably of at least about 1 :500. 

Therapeutic or prophylactic efficacy of a polypeptide or derivative of the invention 
can be evaluated as described below. 

According to a seventh aspect of the invention, there is provided (i) a composition of 
matter containing a polypeptide of the invention together with a diluent or carrier; in particular, 
(ii) a pharmaceutical composition containing a therapeutically or prophylactically effective 
amount of a polypeptide of the invention; (iii) a method for inducing an immune response against 
Chlamydia in a mammal, by administering to the mammal an immxmogenically effective amount 
of a polypeptide of the invention to elicit an immune response, e.g.^ a protective immune 
response to Chlamydia; and particularly, (iv) a method for preventing and/or treating a 
^^^P'?^^'^ trachomatis, C psittaci, C, pneumoniae, or C, pecorum) infection, by 

administering a prophylactic or therapeutic amount of a polypeptide of the invention to an 
individual in need. Additionally, the seventh aspect of the invention encompasses the use of a 
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CA/amyrf/a infection. 

The immunogenic compositions of the invention can be administered by any 
conventional route in use in the vaccine field, in particular to a mucosal (e.g., ocular, intranasal, 
pulmonary, oral, gastric, intestinal, rectal, vaginal, or urinary tract) surface or via the parenteral 
{e.g,, subcutaneous, intradermal, intramuscular, intravenous, or intraperitoneal) route. The 
choice of the administration route depends upon a number of parameters, such as the adjuvant 
associated with the polypeptide. For example, if a mucosal adjuvant is xised, the intranasal or 
oral route will be preferred and if a lipid formulation or an aluminum compound is used, the 
parenteral route will be preferred. In the latter case, the sub-cutaneous or intramuscular route is 
most preferred. The choice can also depend upon the nature of the vaccine agent. For example, 
a polypeptide of the invention fused to CTB or LTB will be best administered to a mucosal 
surface. 
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A composition of the invention can contain one or several polypeptides or derivatives 
of the invention. It can also contain at least one additional Chlamydia antigen, or a subunit, 
fragment, homolog, mutant, or derivative thereof. 

For use in a composition of the invention, a polypeptide or derivative thereof can be 
formulatedji(iintO|ior>4withidip^^^^ 

ISCOMS;. Qr%virusslike-;partieles^(¥fePs) to faeilitate0delivejy>iyandy[Qweahance«i&&^ 
responsei^!*tTKSseiieomp0jLmdsi»are yfreadily- available v to one^iskillea*iniithejfart0for<texamplev see 
Liposomes:*A PrafcliGahAp^roaGhj^^i^^ 

Adjuvants other than liposomes and the like can also be used and are known in the 
art. A appropriate selection can conventionally be made by those skilled in the art, for example, 
from the list provided below. 

Administration can be achieved in a single dose or repeated as necessary at intervals 
as can be determined by one skilled in the art. For example, a priming dose can be followed by 
three booster doses at weekly or monthly intervals. An appropriate dose depends on various 
parametere#ncludinglthe^re;eipient^^^^ route 
and freqiieney^*.of admini^teatiQny:..the?«presence^^ effect 
(e.g., protegtign and/iprtttreatm^^^ general, a 

vaccine mtigen|:cf^th^iny^enti^ ;£miam0Amt^frpm about 

^-qV*<>ii*-.^An*ryirr i^ rr^f'f*-'r^Vtlt>»fr/sfri-'.nKniit*1^ tVip?!^ ri a r enteral*rniite of 

20 administration^the do§eiusiially4shouldmQt»exQ^^.d«^a^^ 

AVhen*usediras xaceinetagen^spplynucleLOti^^^^^ can 
be used sequentially as part of a multistep immunization process. For example, a mammal can 
be initially primed with a vaccine vector of the invention such as a pox virus, e.g.y via the 
parenteral route, and then boosted twice with the polypeptide encoded by the vaccine vector, e.g., 

25 via the mucosal route. In another example, liposomes associated with a polypeptide or derivative 
of the invention can also be used for priming, with boosting being carried out mucosally xising a 
soluble polypeptide or derivative of the invention in combination with a mucosal adjuvant (e.g., 
LT). 

A polypeptide derivative; tof theBinventionwis dso)iusej5il^'as*atdiagriQs,tie'^^ 
30 detecting the^presence of *amtil@/j/dB^^ ai!bro©d*sample^»SuGh^ 
are about 5 to about 80, prefelr^bly^iabout'^llOi^td^abc^ut 
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or unlabeled, depending upon the diagnostic method. Diagnostic methods involving such a 
reagent are described below. 

Upon expression of a DNA molecule of the invention, a polypeptide or polypeptide 
derivative is produced and can be purified using known laboratory techniques. For example, the 
5 polypeptide or polypeptide derivative can be produced as a fusion protein containing a fused tail 
that facilitates purification. The fusion product can be used to immunize a small mammal, e.g-., a 
mouse or a rabbit, in order to raise antibodies against the polypeptide or polypeptide derivative 
(monospecific antibodies). The eighth aspect of the invention thus provides a monospecific 
antibody that binds to a polypeptide or polypeptide derivative of the invention. 
^0 By "monospecific antibody" is meant an antibody that is capable of reacting with a 

unique naturally-occurring Chlamydia polypeptide. An antibody of the invention can be 
polyclonal or monoclonal. Monospecific antibodies can be recombinant, e.g., chimeric (e.g., 
constituted by a variable region of murine origin associated v/ith a hvunan constant region), 
hxmianized (a human immunoglobulin constant backbone together with hypervariable region of 
animal, e.g., murine, origin), and/or single chain. Both polyclonal and monospecific antibodies 

. can .also^be„in Ae_form pf„immuMglgb^^^^ e.g., F(ab)'2 or Fab fragments. The 

antibodies of the invention can be of any isotype, e.g., IgG or IgA, and polyclonal antibodies can 

i - 1 

s " be of a single isotype or can contain a mixture of isotypes. 

^ ^j ^-. ^T itiViodie .s^a^ Ae inv e ntion, wh ic h a re r ais ed -t o a po ly peptid .&_^ p olypepti de^ 

20 derivative of the invention, can be produced and identified using standard immimological assays, 
5 e.g., Westem blot analysis, dot blot assay, or ELISA (see, e.g,, Coligan et aL, Current Protocols 

" in hnmunology (1994) John Wiley & Sons, Inc., New York, NY). The antibodies can be used in 

diagnostic methods to detect the presence of a Chlamydia antigen m a sample, such as a 
biological sample. The antibodies can also be used in affinity chromatography methods for 
25 purifying a polypeptide or polypeptide derivative of the invention. As is discussed fiirther 
below, such antibodies can be used in prophylactic and therapeutic passive immunization 
methods. 

Accordingly, a ninth aspect of the invention provides (i) a reagent for detecting the 
presence of Chlamydia in a biological sample that contains an antibody, polypeptide, or 
30 polypeptide derivative of the invention; and (ii) a diagnostic method for detecting the presence of 
Chlamydia in a biological sample, by contacting the biological sample with an antibody, a 
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polypeptide, or a polypeptide derivative of the invention, such that an immune complex is 
formed, and by detecting such complex to indicate the presence of Chlamydia in the sample or 
the organism from which the sample is derived. 

Those skilled in the art will understand that the immune complex is formed between a 
component of the^sample*andf.the antibody,, polypeptide,vOr:poiypeptide^de^ivati^we, -whichever is 
used, and that any xmbound material can be removed prior to deteeting^the^eomplex.^ As- can be 
easily understood, a polypeptide reagent is useful for detecting the presence of antuChlamydia ^ 
antibodies in a sample, eg^., a blood sample, while an antibody of the invention can be used for 
screening a sample, such as a gastric extract or biopsy, for the presence of Chlamydia 
polypeptides. 

For use in diagnostic applications, the reagent (i.e., the antibody, polypeptide, or 
polypeptide derivative of the invention) can be in a free state or immobilized on a solid support, 
such as a tube, a bead, or any other conventional support used in the field. Immobilization can 
be achieved using direct or indirect means. Direct means include passive adsorption (non- 
covalent binding) or covalent^binding between the support^ arid^t^^ By "indirect means" 

is meant that an antirreagent compound that interacts with a reagent is first attached to the solid 
support. For example/ if a polypeptide reagentvis used^^an^m^ to it can-serve as 

an anti-reagent; provided that it binds, to an epitope ^that<is not;dnvolved iii tfae reco^ of 

nftKoHi/>'g iTi-hin1ocFin fl V-<;flmn1e<;:''^Indire(^^mea^ ^T"plov ^ lipand -rec eptor s ystem, for 

example, a molecule^^^suchs^as a vitaminwcan^be grafted onto ^the^ p the 
corresponding receptor can be^ inmiobilized on the solid phase. This is illustrated by the biotin- 
streptavidin system. Alternatively, indirect means can be used, e.g., by adding to the reagent a 
peptide tail, chemically or by genetic engineering, and immobilizing the grafted or fijsed product 
by passive adsorption or covalent linkage of the peptide tail. 

According to a tenth aspect of the invention, there is provided a process for purifying, 
from a biological sample, a polypeptide or polypeptide derivative of the invention, which 
involves carrying out antibody-based affinity chromatography with the biological sample, 
wherein the antibody is a monospecific antibody^ of the invention. 

For use in a pimfication process, of the invention, the antibody can ;be polyclonal or 
monospecific, and>:preferably is of the IgG type. Purified IgGs carif be prepared from an ; 
antiserum using standard methods (see, eg:, Coligan et al., supra): . Conventiorial^- 
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chromatography supports, as well as standard methods for grafting antibodies, are disclosed in, 
e,g,. Antibodies: A Laboratory Manual, D. Lane, E. Harlow, Eds. (1988). 

Briefly, a biological sample, such as an C pnevmoniae extract, preferably in a buffer 
solution, is applied to a chromatography material, preferably equilibrated with the buffer used to 

5 dilute the biological sample so that the polypeptide or polypeptide derivative of the invention 
{i.e,y the antigen) is allowed to adsorb onto the material. The chromatography material, such as a 
gel or a resin coupled to an antibody of the invention, can be in batch form or in a column. The 
unbound components are washed off and the antigen is then eluted with an appropriate elution 
buffer, such as a glycine buffer or a buffer containing a chaotropic agent, e.g., guanidine HCl, or 

10 high salt concentration (e.^., 3 M MgCy. Eluted fractions are recovered and the presence of the 
antigen is detected, e.g., by measuring the absorbance at 280 nm. 

An antibody of the invention can be screened for therapeutic efficacy as described as 
follows. According to an eleventh aspect of the invention, there is provided (i) a composition of 
matter containing a monospecific antibody of the invention, together with a diluent or carrier; (ii) 

15 a pharmaceutical composition containing a therapeutically or prophylactically effective amount 
of a monospecific antibody of the invention, and (iii) a method for treating or preventing a 
Chlamydia (e.g., C. trachomatis, C, psittaci, C. pneumoniae or C pecorum) infection, by 
administering a therapeutic or prophylactic amount of a monospecific antibody of the invention 
tf^ ^ inHividu a l in need. Additinn aUy, the ele v enth aspect of th e inv e ntion e n c omp a sses th c-us e- 



20 of a monospecific antibody of the invention in the preparation of a medicament for treating or 
preventing Chlamydia infection. 

To this end, the monospecific antibody can be polyclonal or monoclonal, preferably 
of the IgA isotype (predominantly). In passive immunization, the antibody can be administered 
to a mucosal surface of a mammal, e.g., the gastric mucosa, e.g., orally or intragastrically, 

25 advantageously, in the presence of a bicarbonate buffer. Alternatively, systemic administration, 
not requiring a bicarbonate buffer, can be carried out. A monospecific antibody of the invention 
can be administered as a single active component or as a mixture with at least one monospecific 
antibody specific for a different Chlamydia polypeptide. The amount of antibody and the 
particular regimen used can be readily determined by one skilled in the art. For example, daily 

30 administration of about 100 to 1,000 mg of antibodies over one week, or three doses per day of 
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about 100 to 1,000 mg of antibodies over two or three days, can be an efifective regimens for 
most purposes. 

Therapeutic or prophylactic efficacy can be evaluated using standard methods in the 
art, e.g., by measuring induction of a mucosal immune response or induction of protective and/or 
therapeuticJnmiimityj usingr;e.s:, the«£. pneu^ : Those skilled iri the art will 

recognize! that the C. j^new/Mo/i/ae strain of the model can be replaced^with another Chlamydia 
strain. For example, the efficacy of DNA molecules and polypeptides from: P. pneumoniae is 
preferably evaluated in a mouse -model using- an C. p/ieMffio«iae*strainf^' Protection can be-^ 
determined by comparing the degree of Chlamydia infection to that of a control group. 
Protection is shown when infection is reduced by comparison to the control group. Such an 
evaluation can be made for polynucleotides, vaccine vectors, polypeptides and derivatives 
thereof, as well as antibodies of the invention. 

Adjuvants useful in any of the vaccine compositions described above are as follows. 
Adjuvants for parenteral administration include aluminum compounds, such as 
aluminum hydr0»ide,-aluminran6phosphates andial^ The antigen can 

be precipitated -with, or adsorbed onto, the aluminum compoiwd according ;to standard proto 
Other adj wants, ,. such as RIBI OmmunoChem, Hatnilton,..MT);^can^sbe*.used in parenteral 
administration,"^ 



20 (CT), .lhe' £ -coK«heat*iabileyt0xiiM^LT^^^^^ 

(PT), or combihationsrsubunitsf toxoids, ormutants»thw€»f^ For example? a purifi^ preparation 
of native cholera toxin subunit B (CTB) can be of use. Fragments, homologs, derivatives, and 
fusions to any of these toxins are also suitable, provided that they retain adjuvant activity. 
Preferably, a mutant having reduced toxicity is used. Suitable mutants are described, e.g., in WO 

25 95/17211 (Arg-7-Lys CT mutant), WO 96/6627 (Arg-192-Gly LT mutant), and WO 95/34323 
(Arg-9-Lys and Glu-129-Gly PT mutant). Additional LT mutants that can be used in the 
methods and compositions of the invention include, e.g., Ser-63-Lys, Ala-69-Gly, Glu-llO-Asp, 
and Glu-H2^Asps^utants..^ Other.adjuyants,,«such-.»as>,a, bacterial .mom^hpsphoryl lipid A 
(MPLA) of, e.g^ff .reoH}^Salmmellatiminnes0afe^aln^ 

30 saponins; .^or aspolsaictideyftgly^lide c(PP3^ mucosal 
administration."^ 
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Adjuvants useful for both mucosal and parenteral administrations include 
polyphosphazene (WO 95/2415), DC-chol (3 b-(N-(N',N»-dimethyl aminomethane)-carbamoyl) 
cholesterol; U.S. Patent No. 5,283,185 and WO 96/14831) and QS-21 (WO 88/9336). 

Any pharmaceutical composition of the invention, containing a polynucleotide, a 
polypeptide, a polypeptide derivative, or an antibody of the invention, can be manufactured in a 
conventional manner. In particular, it can be formulated with a pharmaceutically acceptable 
diluent or carrier, e.g., water or a saline solution such as phosphate buffer saline. In general, a 
diluent or carrier can be selected on the basis of the mode and route of administration, and 
standard pharmaceutical practice. Suitable pharmaceutical carriers or diluents, as well as 
pharmaceutical necessities for their use in pharmaceutical formulations, are described in 
Remington's Pharmaceutical Sciences, a standard reference text in this field and in the USP/NF. 

The invention also includes methods in which Chlamydia infection, are treated by 
oral administration of a Chlamydia polypeptide of the invention and a mucosal adjuvant, in 
combination with an antibiotic,, an antacid, sucralfate, or a combination thereof. Examples of 
such compounds that can be administered v^th the vaccine antigen and the adjuvant are 
antibiptics, including, e,g,, macrolides, tetracyclines, and derivatives thereof (specific examples 
of antibiotics that can be used include azithromycin or doxicyclin or unmunomodulators such as 
cytokines or steroids. In addition, compounds containing more than one of the above-listed 
-^^omponen ts coupled together, can be used. The invention also includes compositionsjo^ 



20 carrying out these metiiods, i.e., compositions containing a Chlamydia antigen (or antigens) of 
3 the invention, an adjuvant, and one or more of tiie above-listed compounds, in a 

AST. 

^ pharmaceutically acceptable carrier or diluent. 

Amounts of the above-listed compounds used in the methods and compositions of the 
invention can readily be determined by one skilled in the art. In addition, one skilled in the art 
25 can readily design treatment/immunization schedules. For example, the non-vaccine components 
can be administered on days 1-14, and the vaccine antigen + adjuvant can be administered on 
days?, 14, 21, and 28. 
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Figure 1 

tagctttata caaagtatag aaaaataaca cgacaataaa aggagcggtg ttttctcttc 60 

taaqqtaaat caqcctcaaa gatactacgc catagtaaag atg aag ttt ttt age 115 

^ Met Lys Phe Phe Ser 

1 5 

tta att -tttrf.aaajsrga^%i*gat*,.ga,t:ii^gtp^^^ tct 163 

Leu Ile^ Phe:^Lysj»AspjvAsp^^^spjq^>aa«^^ 

105'^ IBim 203V 

cct gaa'^gcfe^ttc tcb4gct-v tte .»ett ga.tjfegcg, waaasiigag^^tgt*ttaM.gaait:aaa»«p* 211 
Pro Glu Ala>'Bhev^Set->»Al»a^Bhe^L6.Ui^A.sp#»i\l^ i>eu*^-I:>eui^Glu>«Lys;t^^v^ 
25"^^ 30!?^; 35 

aca aaa gcc gat age gaa gcc tat gtt gca gag aca gaa caa aag tgt 259 
Thr Lys Ala Asp Ser Glu Ala Tyr Val Ala Glu Thr Glu Gin Lys Cys 
40 45 50 

gca caa att cgt caa gaa get aaa gat caa gga ttt aaa gag gga tct 
Ala Gin He Arg Gin Glu Ala Lys Asp Gin Giy Phe Lys Glu Gly Ser 
55 60 65 

gaa tec tgg age aag caa att get ttc tta gaa gaa gaa act aaa aat 
m Glu Ser Trp Ser Lys Gin He Ala Phe Leu Glu Glu Glu Thr Lys Asn 

p 70 75 80 85 

eta cgc^ata aga ..gta .cgc ..gag .gcG<*ttg g(;tt ^ect etg gca att gcg^agt 
O Leu Arq-ile Arg^-Val«%Argjt.GluV>Aia4Le\iH^^ 

m 90 - 95 V lOOi^^ 

Q - - - . 

n gtg agg aaa ate att gggi^^%ag.*gaa.;,ptc gaa^tta cat cetr ga^^act att.. 
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^ 1^53?**- T 



307 



355 



403 



451 



120 



ate att ate tct gte>-aat^^scG*aaaMgat-*iitt aspect .^Ctt-^^gtt^gag-^aaai^a^gt-^ 547 
He He He Ser-ValvAsn vE^c^lrii.ys-^Asp^;iLeu^lro- 
135 140 145 

cgt cct gaa etc aag aac ate gtg gag tat get gac tec tta att ctt 595 
Arq Pro Glu Leu Lys Asn He Val Glu Tyr Ala Asp Ser Leu He Leu 
150 155 160 165 

aca gca aaa cct gat gtt act cct ggg ggt tge att ate gag act gaa 
Thr Ala Lys Pro Asp Val Thr Pro Gly Gly Cys He He Glu Thr Glu 
170 175 180 

qca ggg ate ate aat gcg cag ctt gat gta caa tta gat gcc tta gaa 
Ala Gly He He Asn Ala Gin Leu Asp Val Gin Leu Asp Ala Leu Glu 
185 190 195 

aaa get*- ttc teg aet^ata^eta aaa<Ageg*aag»i%^ae.^c 739 
Lys Ala Phe Ser, Thr (Ele- Leu^-Lys, Alals^'liysjgrAsnii^PrO^ 

200 ' 205^ 210 

tct gag act tea . tea <^tcc acg *gat-^tct^tct^t*ct^ttat*tct -aat'mgat^^^^^ 787- 
Ser Glu Thr Ser ' Ser^'Ser Thr ' Aspi»»%ef:*Sef-*I^Ser^ 

215 220 225 ^ 



643 



691 



32 



gat aag aaa gaa taaaggtatt cactattatg cgatccattt ttcgattttc 839 

Asp Lys Lys Glu 

230 

cctttgtttt tttacgctga gcgtctcatg ctgatttgct gacgccagtc tatatgaaaa 899 

900 

c 



33 



RY35 101998 



Figure 2 

Restriction analysis of CPN100422 



Alul . 
CviJ;!,.;: 



BseMII 
MboII I Ddel 
Acil I I Hpyl88IX 



Earl 



TAGCTTTATACAAAGTATAGAAAAATAAGACGftCAATAAAAGGJUSCOGTG^^^ 

^ + ^ 4.-_ + 60 

ATCGAAATATGTTTCATATCTTTTTATTGTGCTGTTATOTTCOT ^ 

Tsp5 0 9I 
Msel I 
Alul I I 
Cviai 1 1 



CviJI Mnll 

II III 
TGAGGTAAATCAGCCTCAAAGATACTACGCCATAGTAAAGATGAAGTTTTTTAGCTTAAT 



61 



-+ 120 



ACTCCATTTAGTCGGAGTTTCTATGATGCGGTATCATTTCTACTTCAAAAAATCGAATTA 



SfaNI 
Mwol I 
I I 

TT-ITAAAGATGATGATGTCTCCCCAAATAAGAAGGTTTTATCTGCT^ 



Dral 
Msel'l 



Hin4I ? . BsmAI- 



Alul 
CviJI 
Hindi I I j 
Hp^lr^SIII I 1 



121- 



-+ 180 



AAAATTTCTACTACTACavGAGGOGTlTATTCTTecyiAAA 



CviRI 
JBsmT^T |_ 



CviJI 



CviJI 



CviJI Mwol 



Aceiri I 

II 1 I III 

TTTCCTTGATGCCAAAGAGCTGTTAGAAAAAACAAAAGCCGATAGCGAAGCCTATGTTGC 



181 



+ 240 



AAAGGAACTACGGTTTCTCGACAATCTTTTTTGTTTTCGGCTATCGCTTCGGATACAACG 



Apol 
Tsp509I 
BsiHKAI 
Bspl286I 
BseSI I 
CviRI t 
Apalil I I 
I I I 



Dpnl 
Sau3AI 
Alul I 
CviJI I 



Hpyl78III 
I 



Dral 
Msel I 
Mnll I 



241 



AGAGACAGAACAAAAGTGTGCACAAATTCGTCAAGAAGCTAAAGATCAAGGATTTAAAGA 

^ ^ + + + 300 

TC 



ScrFI 
EcoRil I 
Alwli I 
Hinf I I 
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Tfil 
BsaBI 
Hpyl88IX 
Dpnl I 
BstYI I I 
Sau3Al I I 



301 



Tthlllll 

Tsp509I Bpinll MboII 

CacSI I Ddelj MboII | 

II II II 

GGGATCTGAATCCTGGAGCAAGCAA^TTGCTTTCTTAGAAGAAGAAACTAAAAATCTACG 

+ + + + + + 

CCCTAGACITAGGACCTCGTTCGTTTAACGAAAGAATCTTCTTCTTTGATTTTTAGATGC 



360 



BsaJI 
Styl 
CviJI I 
Hael I 
Haelll I 
Thai I I 

Rsal I 1 I NlalV 



CjePI 
Mnll 
Mnll I 
MunI I 



Mnll I I Stul|DrdIll Tsp509I | | 

III II II III 

CATAAGAGTACGCGAGGCCTTGGTTCCTCTGGCAATTGCGAGTGTGAGGAAAATCATTGG 



361 



-+ 420 



GTATTCTCATGCGCTCCGGAACCAAGGAGACCGTTAACGCTCACACTCCTTTTAGTAACC 



421 



Hpyl78III 
CjePX I 
Tsp509I I I 
Fokl TaqI j | j Bce83I BsthAI Smll 

I T 1 1 I I I 1 

GAAGGAACTCGAATTACATCCTGAAACTATTGTCTCTATTATTTCTCAAGCATTGAAAGA 

+ + + + + + 

CTTCCTTGAGCTTAATGTAGGACTTTGATAACAGAGATAATAAAGAGTTCGTAACTTTCT 



480 



Banll 
BsiHKAI 
Bspl286I 
Sad 
Ttlilllll 
Alul I 
CviJI 



Mnll 



GCTCACACAAAATAAACATATCATTATCTCTGTCAATCCCAAAGATTTACCTCTTGTTGA 



481 



+ 540 



CGAGTGTGTTTTATTTGTATAGTAATAGAGACAGTTAGGGTTTCTAAATGGAGAACAACT 



Hpyl78III Tsp509I 
Bce83I Hpyl78III Smll | Plel Hinfl Msel | 

I III I I II 

GAAAAGTCGTCCTGAACTCAAGAACATCGTGGAGTATGCTGACTCCTTAATTCTTACAGC 



541 



-+ 600 



CTTTTCAGCAGGACTTGAGTTCTTGTAGCACCTCATACGACTGAGGAATTAAGAATGTCG 



ScrFI 
BsaJI I 
EcoRII I I 
MaellX I I I 



Hpyl78III 
BstdAI I 
CviRI I TaqI j 



EC057I 
Ppnl Fspl 
Sau3AI I Alwl | 
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601 



I III II I I M II 

AAAACCTGATGTTACTCCTGGGGGTTGCATTATCGAGACTGAAGCAGGGATCATCAATGC 

^ + + + + 660 

TTTTGGACTACAATGAGGACCCCCAACGTAATAGCTCTGACTTCGTCCCTAGTAGTTACG 

Tsp509I 



Alul^ Bbvl 
Cvi JI Rsal I 
Fnu4Hr<tt|P BsrGOiSlfel; ! 
Hha'il I Sfawa)e4| 
Tselj \ TafcnEv 1 1 

III I II 

GCAGG-CT^ 



Hpyl78III 

Alu,!^. I 
Cviic^l;-' I 

1 11 I 



661 



720 



CGTCGAACTACATGTTAATCTACGGAATCTTTTTCGAAAGAGCTGATATGAT^1^3!(SGCTT 



fri 
Pi 



Ddel 
HpylSSIX 
Fokl 
Bed 
BsmAX 
CviJI 



HaelV 
Hin4I 
BseKXI 
MboII I 
Ace-l| i 
SfGi: , I L I 



Hin4I 
I 



Hinfl 
Tf il 
MboII 1 
BsaJI I I 
Bstpsi^.\ 1 I 
Mb0ll ' I 



721 .-—^•4-^ 

CTTGGGAC 



-+ 780 



HpylTBTxr? 

Dpnl-^ > I 
BclM I I 
Sau3AI 1 I 
I I I 



Dphi 



Taql- 



781 



AlWiO^n I I 
Msa'»I.| I I 

II 11 I 

TCATCAGGATAAGAAAGAATAAAGGTATTCACTATTATGCGATCCATTTTTCGATTTTCC 

+ + + + + + 640 

ACTAGTCCTATTCTTTCTTATTTCCATAAGTGATAATACGCTAGGTAAAAAGCTAAAAGG 



Bpull02I 
Hgal I 
BseMII 1 Ddel 



Nlalll 
BsmAI I 
BsmBI I 
Mwol 1 I 
II I 



841 



BsrI 
PshAI 
BsaHI I Hgal 

I I I 

\TTTGCTGACGCCAGTCTATATGAAAAC 

+ + 900 



GAAACAAAAA?UVTGCGACTCGCAGAGTACGACTAAACGACTGCGGTCAGATATACTTTTG 
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